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The disclosed embodiments relate to an apparatus and a 
method for re-synthesiZing signals. The apparatus includes a 
receiver for receiving a plurality of digitally multiplexed sig 
nals, each digitally multiplexed signal associated With a dif 
ferent physical transmission channel, and for simultaneously 
recovering from at least tWo of the digital multiplexes a plu 
rality of bit streams. The apparatus also includes a transmitter 
for inserting the plurality of bit streams into different digital 
multiplexes and for modulating the different digital multi 
plexes for transmission on different transmission channels. 
The method involves receiving a ?rst signal having a plurality 
of different program streams in different frequency channels, 
selecting a set of program streams from the plurality of dif 
ferent frequency channels, combining the set of program 
streams to form a second signal, and transmitting the second 
signal. 

ABSTRACT 

20 Claims, 7 Drawing Sheets 
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APPARATUS AND METHOD FOR 
RE-SYNTHESIZING SIGNALS 

This application claims the bene?t under 35 USC §119 of 
a provisional application 60/ 677563 ?led in the United States 
on May 4, 2005. 

This application claims the bene?t under 3 5 US .C. §3 65 of 
International Application PCT/US2005/045438, ?led Dec. 
16, 2005, Which Was published in accordance With PCT 
article 21(2) on Oct. 26, 2006 in English. 

FIELD OF THE INVENTION 

The present invention generally relates to communications 
systems. More speci?cally, the present invention relates to the 
receiving and retransmission of content Within a communi 
cations system. 

BACKGROUND OF THE INVENTION 

This section is intended to introduce the reader to various 
aspects of art, Which may be related to various aspects of the 
present invention that are described and/or claimed beloW. 
This discussion is believed to be helpful in providing the 
reader With background information to facilitate a better 
understanding of the various aspects of the present invention. 
Accordingly, it should be understood that these statements are 
to be read in this light, and not as admissions of prior art. 

In today’s data communication systems such as used in 
satellite TV, data of different types often reside in What are 
knoWn as virtual channels. The data from these virtual chan 
nels is separately disassembled into data packets, aggregated 
Within and across different data types into bit streams and 
conveyed by packet delivery systems. Data consumer appli 
ances, such as satellite receivers, select from physical chan 
nels available to them, convert the signals on these channels to 
digital form (packets) and collect the data packets required to 
re-assemble the desired virtual channels of information (e.g., 
audio, video, program guide, transactional data, etc.). At dif 
ferent points along the data path betWeen a content provider 
and a content consumer data management opportunities 
occur. A piece of data may come from one of many sources, 
be routed through one of many satellites, pass through several 
of many transponders aboard the satellite, be received by a 
consumer antenna, and be distributed to places of consump 
tion. 

Consumer receivers are often capable of receiving only one 
of the physical channels from the satellite at a time for display. 
HoWever, neW receivers may contain advanced features the 
consumer can use. For instance, a receiving device may con 
tain more than one tuner for use in either tWo picture simul 
taneous display systems or content recording. Additionally, 
consumer households often include multiple receivers, each 
receiver requiring the tuning of one or more channels for use. 

The ever-expanding amount of content for delivery has 
made it very dif?cult to deliver that content to all places at all 
times. Systems receiving data from up to four separate satel 
lites to deliver programming is to the home can no longer 
deliver all of the content on one coaxial cable connection. 
Various approaches have been adapted including the use of 
multiple cables or complex sWitching arrangements. Many of 
these approaches are in some manner suboptimal for a home 
installation due to high cost or high complexity. 

Another solution may be to employ a system of preselect 
ing, combining, and redistributing the incoming content 
based on the physical channels requested by the user(s) using 
analog signal processing. As a result, only the content 
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2 
required for delivery to the receivers in a household are 
selected from the initial available content. The desired con 
tent may then be provided on a single cable that is relatively 
easy to distribute around the household. The solution relies on 
coarse analog signal tuning and re-mixing to move channels 
or frequency regions of signals from an original spectral 
location in frequency at the input to another spectral location 
in frequency on a common signal at the output. Further, 
channels or signal regions at the same frequency but on dif 
ferent satellites may be combined by moving one or both of 
the original channels or regions. These relocated signals con 
taining the desired channels are then provided on the single 
cable, eliminating the need for any additional sWitching and 
multiple cable connections. 
The analog solution involving preselection, combination, 

and redistribution remains limited in the number of channels 
that can be provided due to the inherent shortcomings of 
performing the processing in the analog domain. NarroW 
band ?lters used to select individual physical channels While 
rejecting others are impractical at frequencies above the range 
of one gigahertZ (GHZ). Available ?lters having a practical 
bandWidth require additional channel separation in order to 
prevent undesired interferences in the output signal. Addi 
tionally as the desire to deliver more requested channels to the 
home increases, the subsequent increase in analog circuit 
complexity results in an expensive and inef?cient design With 
potential problems due to analog crosstalk. Further, the ana 
log solution does not include additional capabilities involving 
channel data re-mulitplexing that may prove useful. The abil 
ity to manipulate the data streams in the digital domain 
increases the value and feature set of the netWork. Therefore, 
an apparatus and process for receiving and re-synthesiZing of 
channels for distribution in a more optimal manner is desired. 

SUMMARY OF THE INVENTION 

The present invention relates to an apparatus and a method 
for re-synthesiZing signals. The apparatus includes a receiver 
for receiving a plurality of digitally multiplexed signals, each 
digitally multiplexed signal associated With a different physi 
cal transmission channel, and for simultaneously recovering 
from at least tWo of the digital multiplexes a plurality of bit 
streams. The apparatus also includes a transmitter for insert 
ing the plurality of bit streams into different digital multi 
plexes and for modulating the different digital multiplexes for 
transmission on different transmission channels. 
The method involves receiving a ?rst signal having a plu 

rality of different program streams in different frequency 
channels, selecting a set of program streams from the plural 
ity of different frequency channels, combining the set of 
program streams to form a second signal, and transmitting the 
second signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the draWings: 
FIG. 1 is a block diagram of an exemplary system using the 

present invention. 
FIG. 2 is a block diagram of an embodiment of the present 

invention 
FIG. 3 is a block diagram of another embodiment of the 

present invention. 
FIG. 4 is a block diagram of yet another embodiment of the 

present invention. 
FIG. 5 is a block diagram of yet another embodiment of the 

present invention. 
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FIG. 6 is a block diagram of a further embodiment of the 
present invention. 

FIG. 7 is a ?ow chart illustrating a method of the present 
invention. 

The characteristics and advantages of the present invention 
may become more apparent from the following description, 
given by way of example. 

DETAILED DESCRIPTION 

One or more speci?c embodiments of the present invention 
will be described below. In an effort to provide a concise 
description of these embodiments, not all features of an actual 
implementation are described in the speci?cation. It should 
be appreciated that in the development of any such actual 
implementation, as in any engineering or design project, 
numerous implementation-speci?c decisions must be made 
to achieve the developers’ speci?c goals, such as compliance 
with system-related and business-related constraints, which 
may vary from one implementation to another. Moreover, it 
should be appreciated that such a development effort might be 
complex and time consuming, but would nevertheless be a 
routine undertaking of design, fabrication, and manufacture 
for those of ordinary skill having the bene?t of this disclosure. 

It is noted that familiarity with television broadcasting and 
receivers is assumed and is not described in detail herein. For 
example, other than the inventive concept, familiarity with 
current and proposed recommendations for TV standards 
such as National Television Systems Committee (NTSC), 
Phase Alternation Lines (PAL), Sequential Couleur Avec 
Memoire (SECAM), Advanced Television Systems Commit 
tee (ATSC), and Direct Broadcast Satellite (DBS) is assumed. 
Likewise, other than the inventive concept, transmission con 
cepts such as satellite transponders, down-link signals, eight 
level vestigial sideband (8-VSB), Quadrature Amplitude 
Modulation (QAM), and receiver components such as a 
radio-frequency (RF) front-end, or receiver section, such as a 
low noise block, tuners, and demodulators is assumed. Simi 
larly, formatting and encoding methods (such as Moving 
Picture Expert Group (MPEG)-2 Systems Standard (ISO/IEC 
13818-1)) for generating transport bit streams are well 
known and not described herein. In addition, the inventive 
concept may be implemented using conventional program 
ming techniques which, as such, will not be described herein. 

The following describes a circuit used for processing sat 
ellite signals. Other systems utiliZed to receive and transmit 
other types of signals where the signal input may be supplied 
by some other means may include very similar structures. 
Those of ordinary skill in the art will appreciate that the 
embodiment of the circuits described herein is merely one 
potential embodiment. As such, in alternate embodiments, 
the components of the circuit may be rearranged or omitted, 
or additional components may be added. For example, with 
minor modi?cations, the circuits described may be con?g 
ured to for use in non-satellite video and audio services such 
as those delivered from a cable network. Further, the re 
synthesiZer described could be used in conjunction with a 
home networking system. The re-synthesiZer may receive 
inputs from a satellite or cable network, process them, and 
provide them as an output to the home network system. The 
output may in the form of a wired or wireless transmission. 

Turning now to the drawings and referring initially to FIG. 
1, an overall block diagram 100 of a system using the present 
invention is shown. FIG. 1 represents a typical satellite sys 
tem installation at a customer home. A similar installation 
may also exist at an apartment complex or hotel where the 
system may be augmented with additional equipment often 
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4 
incorporated in multi-dwelling unit applications. Satellite 
transponders located on satellites 102a-c transmit satellite 
signals to satellite dishes 104a-c. Each satellite dish contains 
a re?ector, a feed horn and a low noise block converter (LNB). 

Each of the satellite signals may represent one or more 
individual physical channels. Each of the physical channels 
may in turn represent one or more preferably digital bit 
streams of information combined together as a digital multi 
plex, encoded, and modulated using various analog and/or 
digital modulation techniques. The digital data streams are 
usually called program streams and may be streams of audio, 
video, or other data including program guide information. 
The physical channels are often grouped to cover a limited 
frequency range such as 500 to 1000 MHZ of bandwidth. The 
satellite signals are often located in the microwave frequency 
range, for instance 11-13 GigahertZ (GHZ). The LNBs in the 
satellite dishes 104a-c will amplify and convert the satellite 
signal in the 11-13 GHZ range to an L-band signal in the 1-2 
GHZ frequency range. Although three satellite dishes are 
shown, the orbital locations of the satellites 102a-c may per 
mit using one satellite dish containing one re?ector and three 
feed horns and LNBs. Also, systems may utiliZe more. or 
fewer than the three satellites signals illustrated here. The 
systems may additionally use techniques such as polarization 
diversity to increase the number of satellite signals delivered 
from each satellite. 

Each of the three L-band signals from the satellite dishes 
104a-c are provided through separate coaxial cables to a 
re-synthesiZer 110. The three L-band signals in their entirety 
cannot be supplied through a single coaxial cable for delivery 
into the customer home, because the L-band signals occupy 
too much frequency bandwidth. As previously described, 
each L-band signal may occupy 1 GHZ of bandwidth, and a 
typical customer premises cable installation may only sup 
port less than 2 GHZ of total signal bandwidth. The re-syn 
thesiZer 110 extracts certain ranges of frequencies containing 
selected physical channels as portions of the three L-band 
signals provided. The re-synthesiZer 110 also frequency 
translates the extracted ranges as needed and re-combines 
them to form a new single selected L-band signal. The process 
used by the re-synthesiZer 110 may be described as a prese 
lection of certain physical channels. However, the process 
used by the re-synthesiZer 1 1 0 is different from a direct tuning 
of those certain physical channels since other energy besides 
the selected channel may be present, and the channels are then 
recombined to form a new signal for further distribution. 
Further, the re-synthesiZer 110 also provides processing to 
recover the individual program streams from the physical 
channels present. The re-synthesiZer 110 may also allow add 
ing or removing of streams as well as re-arrangement of 
streams to form new physical channels of information. Note 
that the FTM 110 may reside physically outside the customer 
home as shown, or may reside very near to the entry point into 
the customer home or a multi-dwelling unit. For example, the 
re-synthesiZer may be located in a room adjacent to the entry 
point for the cabling from the satellite dishes 104a-c. The 
room may include additional control devices for use with the 
network and the re-synthesiZer 110. 
Once the re-syhthesiZer 110 has preselected and processed 

the physical channels for use, the selected signal is provided 
over a single coaxial cable to the customer’s premises 120. 
The selected signal may pass through a set of signal splitters 
12211-0, as needed, to supply each of the locations for the 
premises installation. The splitters 12211-0 may contain pas 
sive circuits such as transformers and resistors or may also 
contain ampli?ers in order to increase the signal level at the 
installation location. 
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At each installation location in the premises 120, the 
selected signal is provided to a standalone terminal 130 or to 
a combination settop box 140a-c and display device 150a-c. 
The terminal 130 and settop box 140a-c operate in a similar 
manner. Each of them receive the selected signal, tune to the 
desired physical channel Within the selected signal, demodu 
late the physical channel to produce a transport stream, and 
extract the desired bit stream(s) from the transport stream. 
The terminal 130 may be used for local storage of various bit 
streams or for distribution of these bitstreams over a different 
netWork such as a Wireless netWork or an Ethernet connec 

tion. The settop box 140a-c converts the desired bitstream(s) 
into video and audio signals for display on the display device 
15011-0. 
The terminal 130 and settop boxes 140a-c may provide one 

or more control signals back onto the cable to the re-synthe 
siZer 110. The control signal is generated based on inputs 
provided, for instance by a customer. The control signal sent 
to re-synthesiZer 110 contains information necessary to per 
form the preselection and processing of frequency ranges, 
physical channels; and program streams from each of the 
L-band signals. The communication protocol to the re-syn 
thesiZer 110 may be done in a manner suitable for delivery as 
is knoWn in the art, such as frequency shift keying FSK 
protocol. The control signal may alternately be supplied 
through a Wireless link. Electrical poWer may also be passed 
through the coaxial cable to the re-synthesiZer 110 and further 
on to the satellite dishes 104a-c. 
As described earlier, a conventional re-synthesiZer, some 

times knoWn as a frequency translation module, contains 
analog signal processing used for the ?ltering, mixing, and 
recombining of the L-band signals. Analog signal processing 
contains limitations When operating at high frequencies in the 
1 GHZ range, and the complexity of the analog signal pro 
cessing increases signi?cantly With an increase of the number 
of selected physical channels. The utiliZation of digital signal 
processing Within the re-synthesiZer structure permits greater 
?exibility and removes some of the limitations of analog 
signal processing. The digital processing further permits 
recovery and processing of the program streams permitting 
additional ?exibility and ef?ciency. 

Turning noW to FIG. 2 a block diagram 200 of an embodi 
ment of the present invention is shoWn. The diagram shoWs an 
implementation of the re-synsthesiZer 110 that includes digi 
tal signal processing in order to increase the performance and 
available bandWidth for selected channels. In order to facili 
tate a further understanding of the invention, a re-synthesiZer 
110 Will be described here using only a single L-band signal 
as an input. Further, the re-synthesiZer 110 described here 
Will include the capabilities only to translate frequency 
ranges or physical channels from the input to the output. The 
single L-band signal, as an analog input, is processed through 
an RF processing block 210. The RF processing block 210 
may contain circuitry for ?ltering undesired energy outside 
the signal frequency range, may correct for any frequency 
response errors introduced, and may amplify the signal to a 
level necessary for input to the analog to digital (A/D) con 
verter 220. The input RF processing block 210 may also 
contain any mixing circuits necessary to position the L-band 
signal in the correct frequency range for operation of the A/D 
converter 220. 

The A/ D converter 220 digitiZes the processed L-band 
signal into a series of samples, each sample containing a 
group of bits. In an exemplary embodiment, the processed 
satellite signal is located betWeen the frequencies of 975 and 
1425 MHZ. The A/D converter 220 samples the processed 
L-band signal at a rate of 933 megasamples per second 
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6 
(MSPS) generating a digital signal containing a series of 
samples, each sample represented by 8 bits. The A/D con 
verter 220, may also generate a translated frequency image of 
the L-band signal essentially translating the signal from an 
initial frequency range in the analog domain to a different 
frequency range based on sampling principles. A clock sig 
nal, not shoWn, is supplied to the A/D converter for perform 
ing the sampling. The clock signal may be generated by a 
crystal or as part of a voltage controlled oscillator. The clock 
signal may also directly, or through additional multipliers and 
dividers, supply signals to other blocks Within the re-synthe 
siZer 110. 
The digital channel selector 230 receives the sampled sig 

nal and proceeds to select and doWn-convert each of the 
individual physical channels that have been selected. After 
processing, each of the selected individual channels are 
located Within the same frequency range at or near to base 
band, but are contained as individual signals on separate 
signal lines. The number of bits representing each selected 
individual channel may be different from the original 
sampled signal based on the processing method employed. 
The use of digital signal processing and processing of the 
signal in parallel permits narroWer ?ltering constraints and 
more e?icient channel selection Within the re-synthesiZer 
110. 
Each of the individual selected channels is provided to the 

digital channel re-combiner 240. The digital channel re-com 
biner 240 frequency translates the individual selected chan 
nels each to a different and separate frequency range and 
combines these signals together to form a single selected 
digital signal. The selected digital signal is supplied to a 
digital to analog (D/A) converter 250. The D/A converter 250 
converts the selected digital signal to a selected analog signal. 
In a preferred embodiment, the selected digital signal pro 
vided to the D/A converter 250 is a series of 10 bit samples at 
a rate of 950 MSPS. The D/A converter 250 outputs a selected 
analog signal Within a frequency range of DC to 475 MHZ. 
The selected analog signal is passed to the RF processing 

block 260. The RF processing block 260 provides any analog 
signal processing necessary to properly send the selected 
analog signal on the coaxial cable to the customer home. The 
RF processing block 260 may contain circuitry for ?ltering 
undesired signal energy outside the signal frequency range, 
such as the images produced by the sampling process in D/A 
converter 250. The RF processing block 260 may also correct 
for any other frequency response errors introduced, and may 
amplify the signal as necessary to provide the signal onto a 
coaxial cable. The RF processing block 260 may also contain 
a mixing circuit necessary to position the selected analog 
signal in the correct L-band frequency range, for instance 
975-1425 MHZ. 
Some additional circuitry may also be included such as for 

controlling the blocks, receiving and processing user inputs, 
and additional signal processing, although this circuitry is not 
shoWn here. 

Turning noW to FIG. 3, an illustrative block diagram of a 
circuit 300 of an embodiment of a portion of the present 
invention is shoWn. Circuit 300 represents circuitry contained 
With the digital channel converter block 230. A sampled sig 
nal, converted from an L-band signal by A/ D converter 220, is 
provided to the sample demultiplexer 310. Sample demulti 
plexer 310 resamples at a demultiplexer sampling rate, FF, (or 
post-decimation sampling rate) to provide a number of deci 
mated sample streams in parallel. 

Each of the decimated sample streams represents a 
sampled and time shifted version of the original signal With 
each of the folded spectra, from the decimation, aliased into 
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the same decimated frequency space. The number of deci 
mated sample streams, N, may be integrally related to the 
number of virtual channels in the original signal. In a pre 
ferred embodiment, the number of physical channels is six 
teen. Further, the sample demulitplexer 310 sampling rate is 
preferably tWo times the data rate of one of the physical 
channels, or FFI2FS Where FS is the data rate of the physical 
channel. Each of the decimated sample streams passes 
through a sampling interface block 320. The sampling inter 
face block 320 provides any sampling domain adjustments 
necessary in moving the signal from the A/D converter 220 
and sample demulitplexer 310 to the ?lter bank 330a-N, 
connected to the sampling interface block 320. The ?lter bank 
330a-N may provide a number of process steps including 
?ltering the physical channels that are distributed Within the 
decimated sample streams prior to the physical channels 
being separated. The ?ltering provides rejection of any 
energy not Within a physical channel While generating a 
reconstructive set of base signals for selecting out the physi 
cal channels in further doWnstream processing. The ?lter 
bank 330a-N may also provide a time realignment of each of 
the decimated sample streams. In a preferred embodiment, 
the ?lter bank 330a-N consists of a bank of bifurcated ?lters 
that collectively generate a ?ltered signal vector. Since all the 
bifurcated ?lters have a similar structure, only one bifurcated 
?lter is described in detail herein. 
A bifurcated ?lter may typically consist of tWo parallel 

branches of coe?icient multiply and delay operations With the 
operations in each of the branches separately summed 
together. Each branch is designated as either an even output 
signal or an odd output signal. The number of multiply and 
delay operations in each branch may vary based on design 
criteria. For instance, sixteen Weighted multiply and a num 
ber of coef?cient multipliers may be used in each bifurcated 
?lter. The delay element is controlled by a decimated sample 
clock signal, not shoWn, at a frequency Ff. The summing node 
separately adds together those values from each of the odd 
Weighted multipliers and even Weighted multipliers to form 
the odd and even output signal. The orientation of the ?lter 
branches and operations Within the branches alloWs special 
properties to exist. These properties include amplitude inver 
sion of the signal or time reversing the signal Within the 
branch. As noted, other ?lter structures may be used, as 
knoWn to those skilled in the art, in conjunction With the 
various techniques of simultaneous channel reception tech 
niques. 

The output signal, a ?lter signal vector containing 2N sig 
nal streams; from the ?lter bank 330a-N connects to a bank of 
summing nodes 340a-N. Referring to the preferred embodi 
ment, the even and odd outputs from each of the different 
bifurcated ?lters may be combined in a cross-coupling pat 
tern. The even output of ?lter 0 is summed With the odd output 
of ?lter N-1, even output of ?lter 1 With the odd output of ?lter 
N-2, and so on as shoWn. The summing nodes 340a-N gen 
erate a set of ?ltered sample streams. 

The ?ltered sample streams at the output of summing 
nodes 340a-N connect to a distributor block 350. The main 
purpose of the distributor block 350 is to process the ?ltered 
sample streams generated by the ?lter block 330a-N and 
summing nodes 340a-N to reconstruct the set of physical 
channels, originally provided in the L-band signal, from the 
decimated and ?ltered sample streams. The processing may 
include recombining the streams in a manner using math 
ematical operations. In a preferred embodiment the distribu 
tor block 350 uses a type IV Discrete Cosine Transform 
(DCT) for processing the ?ltered sample streams. The bifur 
cated ?lter structure described previously further permits a 
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8 
small DCT structure in implementation by making use of the 
inversion and time reversal properties of the ?lter. The bifur 
cated ?lter structure may also permit use of a DCT employing 
a sparse matrix decomposition structure. 
The combination of the ?lter bank 330a-N, summing node 

340a-N, and distributor 350 results in generating a set of 
output streams, each representing the separated data content 
from a physical channel. The set of individual physical chan 
nels from the distributor 350 are generated from the set of 
decimated sample streams Where each stream contains con 
tent from each of the physical channels in a sample aliased 
condition. It should be noted that other methods may be 
employed for accomplishing recovery of separate physical 
channels simultaneously from a single signal. 
The output of distributor block 350 represents N individual 

physical channels positioned at or near to baseband fre 
quency. Each physical channel, in digital signal form, may be 
located on a separate signal line at the output of distributor 
block 350. Each of the separate signal lines connect to a 
channel selector block 360. The channel selector block 360 
may select a set of physical channels from the original N input 
channels provided. Any number of channels up to the full 
number N may be selected. For instance, four channels may 
be selected. The number of channels permitted for selection 
in channel selector block 360 is a design choice, and the full 
number of permitted channels for selection does not have to 
be selected at any one time. Additionally, any further physical 
channel separation may be performed, such as removing any 
aliasing components present due to the complex form of the 
signal as a result of the previously described processing. 
The channel selector block 360 receives inputs from a 

controller 370 regarding Which, if any, of the originally 
received physical channels is currently requested by the cus 
tomer. The controller 370 may connect to the sample demul 
tiplexer 3 10, interface 320, ?lter bank 33 0a-N, and distributor 
350 in addition to connecting to channel selector 360. The 
controller 370 may also provide an interface foruser inputs or 
a communications input in order to receive and convey the 
user requested channel information from multiple locations. 
As described previously, the user inputs may be supplied 
through the signal cable or through some other communica 
tions means. Also, as described previously, a home or cus 
tomer premises may supply more than one customer input. In 
addition, controller 370 may provide additional functions for 
operation of the demultiplexer 310, interface 320, ?lter bank 
330a-N, and assembler 350, such as clock functions, as nec 
essary. The controller 370 may also be embodied as a portion 
of a larger controller function responsible for controlling and 
managing, for instance, the entire FTM device. 

Turning noW to FIG. 4, a block diagram 400 of a further 
embodiment of the present invention is shoWn. FIG. 4 illus 
trates an implementation of the digital channel re-combiner 
240. The M outputs, representing a set of selected physical 
channels, of channel selector 360 are provided to the assem 
bler 410. As described previously, the M outputs of the chan 
nel selector 360 may be equal to or less than the N physical 
channels present in the original L-band signal. In a preferred 
embodiment, the assembler 410 may receive up to N inputs. If 
the number of signals provided from channel selector 360 is 
less than N, the remaining inputs of channel assembler 410 
are placed in a condition of “null” or no input. Additionally, 
the assembler 410 may also provide the ability to re-order the 
M input signals. For instance, if the M signals provided to the 
assembler 410 are physical channels in positions 1, 2, 3, and 
4 from selection of the original N channels, the assembler 410 
may re-position the M signals by addressing them as inputs 1, 
5, 9, and N-1. In this manner, further processing, including 
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internal or external ?ltering may be simpli?ed. Also, the 
re-positioning permits re-spacing of the M signals. 

The assembler 410 provides processing for converting the 
selected channels into a set of signals forming a base set of 
parallel data streams that can then be ?ltered prior to remul 
tiplexing and converting to an analog signal. The channel 
re-combiner 410 provides N outputs as a set of converted 
sample streams to inverse ?lter bank 420a-N. The inverse 
?lter bank 420a-N provides ?ltering and/or time delay opera 
tions necessary to permit signal remultiplexing. The output of 
the inverse ?lterbank 420a-N provides a set of inverse ?ltered 
sample streams. 
The inverse ?ltered sample streams at the output of the 

inverse ?lter bank 420a-N are provided to the sample multi 
plexer 430. The sample multiplexer 430 re-combines the 
samples, in a time multiplexing fashion, into a single sample 
stream. The sampling rate of the neW single sample stream is 
preferably 2NFS (F5 is the data rate of one channel). Clock 
signals representing both the input parallel sample stream rate 
and the neW sampling rate at the output of the sample multi 
plexer 430 are also provided. 

In a preferred embodiment, the assembler 410 is realiZed as 
an inverse type IV DCT, and the ?lter bank 420a-N is realiZed 
as an effective inverse bifurcated ?lter bank With respect to 
?lter bank 330a-N as previously described. In this and other 
possible approaches, advantages exist due to the sparse 
matrix factorization stages containing a de?ned sparse 
inverse as Well as the complementary form of the ?ltering 
stages. For example, the Type IV DCT is its oWn inverse i.e., 
(DCT IV)2:I (identity matrix), and the bifurcated ?lters Work 
With the transform elements to shape the bands of indepen 
dent physical channels. Also, the inverse ?lter bank 420a-N, 
shoWn as a bifurcated ?lter structure has a signal splitting at 
its input for providing a cross coupling of signals to the even 
and odd branches of the individual ?lters. After each branch in 
the individual ?lters has completed processing, the even and 
odd branches of each individual ?lter are summed together to 
form the individual output signal. 

Alternatively, since the type IV DCT function in both the 
distributor 350 and assembler 410 may be the same, only one 
block for both operations may be used. For example, a single 
block in conjunction With a signal multiplexer (not shoWn) 
may provide either a signal representing the set of individual 
physical channels or the base set of parallel data streams in 
alternating operations. 
A controller 470 may connect to the assembler 410, ?lter 

bank 420a-N, and sample multiplexer 430. The controller 470 
may control the ?nal selection process and ordering of 
selected physical channels in assembler 410. The controller 
470 may folloW a pre-programmed allocation and ordering 
algorithm, or may process user inputs to determine the allo 
cation and ordering. The controller 470 may also provide an 
interface foruser inputs or a communications input in order to 
receive and convey the user requested channel information 
from multiple locations. As described earlier, a home or cus 
tomer premises may supply more than one customer input. In 
addition, controller 470 may provide additional functions for 
operation of the assembler 410, ?lter bank 420a-N, and mul 
tiplexer 430 such as clock functions, as necessary. The con 
troller 470 may also be embodied as a portion of a larger 
controller function responsible for controlling and managing, 
for instance, the entire re-synthesiZer device. 

Additionally, if the M signals at the input to the assembler 
410 are less than the N original channels, the channel re 
combiner may also change the overall sampling rate. The 
assembler 410 may be recon?gured to process the M signals 
in an M point transform, producing M parallel data streams. 
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The ?lter bank may subsequently contain only M branches 
and the sample multiplexer process only M inputs. The 
clocks, supplied to the D/A converter as Well as other blocks 
With diagram 400 may also be a scaled version of the clock 
used for digital channel selector 230. For instance, if M is one 
half the number N, then the clock signal for the digital channel 
re-combiner 240 may be one half the frequency of the clock 
signal for the digital channel selector 230. Note that the clock 
signal supplied to the other blocks Working on parallel data 
streams may remain unaffected. 

Further, the choice of value of M may be chosen for 
instance to permit a maximum of alloWable channels at any 
time. HoWever, in actual operation, a number less than M 
channels may actually be in use. 

Turning noW to FIG. 5, a block diagram 500 of a further 
embodiment of the present invention is shoWn. The diagram 
shoWs an implementation of the re-synthesiZer 110 that 
includes digital signal processing and further includes pro 
gram stream processing in order to increase the performance 
and available bandWidth for selected channels. In order to 
facilitate a further understanding of the invention, a re-syn 
thesiZer 110 Will be described here using only a single L-band 
signal as an input. An input RF processing block 502 is 
connected to an A/D converter 504. The output of the ND 
converter is connected to a digital channel selector 510. The 
outputs of the digital channel selector 510 each individually 
connect to a digital demodulator (demod) 520a-M. Each digi 
tal demod 520a-M connects to a transport demultiplexer 
demux) 530a-M. The outputs of each transport demux 
530a-M connect to a stream insert and extract block 540. The 
outputs of the stream insert and extract block connect to a set 
of transport remultiplexer (remux) blocks 560a-N. Each 
transport remux 560a-N connects to a digital modulator 
570a-N. The outputs of the digital modulators 570a-N con 
nect into a digital channel re-combiner 580. The output of the 
digital channel re-combiner 580 connects into a D/A con 
verter 592. The output of the D/A converter 593 connects into 
an output RF processing block 594. A controller 550 also 
connects to all of the other blocks including the stream insert 
and extract block 540. 
The operation of blocks identi?ed as input RF processing 

block 502, A/D converter 504, digital channel selector 510, 
digital channel re-combiner 580, D/A converter 592, and 
output RF processing block 594 are similar in operation to 
blocks having the same name described previously. Except as 
noted, these blocks Will not be further described. 
The digital channel selector 510 provides a set of selected 

channels to the digital demods 520a-M. The digital demods 
520a-M contain digital signal processing for the demodula 
tion, transmission equaliZation, and error correction of the 
selected channels according to the required transmission 
standard prescribed for the selected channel. In a preferred 
embodiment, digital demods 520a-M include processing nec 
essary to demodulate and decode transport streams sent in 
either Motion Picture Entertainment Group standard MPEG 2 
or Joint Video Team (JVT) format using either a Quaternary 
Phase Shift Keying (QPSK) modulation format or 8-PSK 
modulation format. The digital demods 520a-N also perform 
error correction using either Viterbi, Reed Solomon, and/or 
LoW Density Parity Check (LDPC) error correction tech 
niques. Further details regarding the individual detailed 
operation of the digital demods 520a-M are Well knoWn by 
those skilled in the art. 

Each of the digital demods 520a-M produces a transport 
stream representing one or more individual program streams 
multiplexed With additional identi?cation data. As described 
previously, a transport stream contains one or more program 
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streams usually in multiplexed and packetiZed form. A pro 
gram stream may represent an audio or video signal or may 
represent data such as a program guide. Each transport stream 
is provided to one of the transport demuxes 530a-M. The 
transport demuxes 530a-M process the transport streams by 
?rst recovering and separating the identi?cation data for the 
transport stream. The transport demuxes 53011 -N use the iden 
ti?cation data or program identi?ers (PIDs) to separate out 
the program stream data in the transport stream into packets 
for each of the individual program streams. The transport 
demuxes 530a-M assemble the packets into separate indi 
vidual program streams. The output of the transport demuxes 
530a-M may supply the individual program streams on sepa 
rate signal lines as shoWn, or may alternately provide the 
program streams along With the PIDs over a communications 
bus. In addition, stream identi?ers are provided. These stream 
identi?ers may include the PIDs supplied originally or may 
include neW identi?cation information sent along With the 
program streams. The stream identi?ers may be used in fur 
ther processing including reassembling the program streams 
back into transport streams. 

The individual program streams are provided to the stream 
insert and extract block 540. The stream insert and extract 
block 540 alloWs removal and insertion of individual program 
streams into the set of individual streams present. The stream 
insert and extract block 540 may be able to remove program 
streams that are not required at the output and insert neW 
program streams in place of the removed program streams. 
The neW program streams may, for instance, represent con 
tent not present in the original signal. In a preferred embodi 
ment, the neW program stream represents local advertising 
and neWs content inserted in place of content in the original 
signal. The stream insert and extract block 540 may also be 
able to remove or introduce more than one stream at a time, 

and may include the ability to remove or introduce segments 
of program streams based on, for instance, time stamp iden 
ti?ers present With the PIDs or stream identi?ers. 

The removal and insertion operations do not need to be 
matched and removed program streams are not required to be 
replaced in complete fashion by the insertion of neW streams. 
HoWever, the addition of neW streams may not be possible 
Without removing existing program streams. The neW pro 
gram streams may utiliZe the stream identi?er information 
such as the PIDs from the removed program streams. Addi 
tionally, the PID information may be modi?ed in order to 
facilitate neW program guide data While the stream identi?er 
may remain the same, in order to alloW the neW program 
stream to be processed correctly doWnstream. 
The stream insert and extract block 540 is controlled by 

controller 550. The controller 550 provides the signal man 
agement for the stream insert and extract block 540 as Well as 
providing a signal path for removing and introducing the 
program streams. In addition, the controller 550 provides 
connections to external circuitry (not shoWn) for supplying 
the removed program streams to other devices, or for input 
ting the neW program streams from other devices. The con 
troller 550 also manages inputs provided by users either 
directly or remotely. The controller 550 provides manage 
ment of the program stream identi?ers during the insertion 
and extraction used in processing the program streams. The 
controller 550 may also include the ability to generate and 
supply neW program identi?cation information including 
neW program guide data for identifying the neW program 
streams. 

The output of the insert and extract block 540 contains 
groups of program streams that are provided to the transport 
remuxes 560a-N. The transport remuxes 560a-N process the 
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12 
groups of program streams, using the stream identi?ers, and 
multiplex the streams back into remuxed transport streams. 
These remixed transport streams include any neW program 
streams that Were added replacing the removed program 
streams processed in the stream insert and extract block 540. 
In a preferred embodiment, streams. containing the stream 
identi?ers originally grouped in transport streams at the out 
put of digital demods 520a-M are remulitplexed together in 
each of the transport remuxes 560a-N. As With the program 
streams at the output of the transport muxes 530a-M, the 
output of the insert and extract block 540 may supply the 
individual program streams on separate signal lines, as 
shoWn, or may alternately provide the program streams along 
With the stream identi?ers over a communications bus. The 
transport remuxes 560a-N process the individual program 
streams along With the stream identi?ers to form a single 
packetiZed and multiplexed transport data stream containing 
identi?cation data and program stream information. 

Each output of the transport remuxes 560a-N is supplied to 
digital modulators 570a-N. In the digital modulators 570a-N, 
the transport streams are transformed into digital communi 
cations signals. The digital modulators 570a-N typically pro 
vide error correction processing to incorporate error correc 
tion into the signal. Additionally the digital modulators 
570a-N include data to symbol mapping for creating a par 
ticular modulation signal format. In a preferred embodiment, 
digital modulators 570a-N include processing necessary to 
code and modulate transport streams for sending in either 
Motion Picture Entertainment Group standard (MPEG 2) or 
Joint Video Team (JV T) format using either a Quaternary 
Phase Shift Keying (QPSK) modulation format or an 8-PSK 
modulation format. The digital modulators 570a-N also gen 
erate and insert error correction information using either Vit 
erbi, Reed Solomon, and/or LoW Density Parity Check 
(LDPC) error correction techniques. Further details regard 
ing the individual detailed operation of the digital modulators 
570a-N are Well knoWn by those skilled in the art. 

It is important to note that the digital modulation format 
provided by the digital modulators 570a-N may be the same 
as the format used in processing the signals in the digital 
demods 520a-M. HoWever, the modulators 570a-N may pro 
vide output signals in an alternate format, including formats 
such as 64 point Quadrature Amplitude Modulation 
(64QAM). It is important to note that the format chosen in 
modulator 570a-N may most likely match a format that can be 
processed in the doWnstream customer equipment including 
settop boxes. 

Turning noW to FIG. 6, a block diagram 600 of another 
embodiment of the present invention is shoWn. FIG. 6 illus 
trates a three L-band signal input re-synthesiZer utiliZing the 
inventive concept described herein. Each L-band input signal 
is processed through RF input processing, not shoWn. 
The processed L-band input signals are connected to A/D 

converters 604a-c. The outputs of the A/ D converters 604a-c 
are connected to digital channel selectors 610a-c. The outputs 
of the digital channel selectors 610a-c each individually con 
nect to groups of digital demods 620a1-aM, 620b1-bM, and 
620c1-cM. Each of the digital demods 620a1-aM, 620b1 
bM, and 620c1-cM connects to groups of transport demuxes 
630a1-aM, 630b1-bM, and 630c1-cM. The one or more out 
puts of each of the transport demuxes 630a1-aM, 630b1-bM, 
and 630c1-cM connects to a transport stream cross-multi 
plexer 640. The outputs of the transport stream cross-multi 
plexer 640 connect to a set of digital modulators 670a-N. The 
outputs of the digital modulators 670a-N connect into a digi 
tal channel re-combiner 680. The output of the digital channel 
re-combiner 680 connects into a D/A converter 692. The 
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output of the D/A converter 692 may connect to further RF 
processing (not shown) prior to providing an output for trans 
mitting on a coaxial cable. A controller 650 also connects to 
all of the other blocks including the transport stream cross 
multiplexer 640. 

The operation of blocks identi?ed as A/D converters 604a 
c, digital channel selectors 610a-c, digital demods 620111 
aM, 620b1-bM, and 620c1-cM, transport de-muxes 630111 
aM, 630b1-bM, and 630c1-cM, digital modulators 670a-N, 
digital channel re-combiner 680, and D/A converter 692 are 
similar in operation to blocks having the same name and 
described previously. Except as noted, these blocks Will not 
be further described. 

Each digital channel selector 610a-c is capable of produc 
ing M outputs representing M physical channels Where M is 
less than or equal to the N original physical channels from an 
L-band signal. Each L-band signal may provide a different 
number of physical channels for eventual use in the ?nal 
output signal as Was described previously. 

Each of the selected channels from digital channel selec 
tors 610a-c is then further demodulated in the digital demod 
blocks 620a1-aM, 620b1-bM, and 620c1-cM. The output 
transport streams are then processed in the transport demuxes 
630a1-aM, 630b1-bM, and 630c1-cM. Each transport demux 
630a1-aM, 630b1-bM, and 630c1-cM. produce one or more 
individual program streams along With stream identi?ers as 
described previously. The stream identi?cation Will permit 
further processing including the reassembling into a neW 
transport stream described beloW. 

The individual programs streams, along With the stream 
identi?ers, are provided to the transport stream cross-multi 
plexer 640. The transport stream cross-multiplexer 640 
alloWs programs streams from different transport originally 
streams to be combined or multiplexed together to form neW 
transport streams. The transport stream cross-multiplexer 640 
further selects and groups the selected program streams for 
processing to form transport streams. Each group of selected 
program streams, along With the stream identi?ers is pack 
etiZed and further multiplexed together to form neW transport 
streams. For example, program streams one and tWo are 
requested from a particular channel delivered as a multiplex 
of channels from a ?rst satellite but not a program stream 
three. Also, program stream one is requested from a particular 
channel delivered as a multiplex of channels from a second 
satellite, but not program streams tWo, three, and four. The 
transport stream cross-multiplexer 640 may assign program 
stream one from the second satellite channel as program 
stream three of the ?rst satellite channel and also make the 
necessary stream identi?cation changes. The transport stream 
cross-multiplexer 640 may then remultiplex the three pro 
gram streams to create a neW transport stream. 

The selected program streams and stream identi?ers are 
re-multiplexed or packaged to permit more e?icient delivery 
of the selected program content by the user. The number of 
neW transport streams, N, may be different from the number 
of transport streams that Were supplied to the transport stream 
cross-multiplexer 640. The number of transport streams used 
is a matter of design choice, but may not exceed the number 
of available channels in the ?nal output signal. Further, as 
described previously, the order of the transport streams may 
be changed by the transport stream cross-multiplexer 640 
from the order of the transport streams provided by the digital 
demods 620a1-aM, 620b1-bM, and 620c1-cM. 

The transport stream cross-multiplexer 640 is controlled 
by controller 650. The controller 650 provides the signal 
management for the transport stream cross-multiplexer 640 
such as managing the packetiZation and time stamp indicators 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
provided as part of the stream identi?cation. The controller 
also provides neW stream identi?cation information, for 
instance, in the form of neW PlDs. The neW identi?cation 
information is used in the formation of the neW transport 
streams in the transport stream cross-mulitplexer 640. The 
controller 670 also manages inputs provided by users, pro 
vided either directly or remotely. The controller 670 may also 
include the ability to generate and supply neW program iden 
ti?cation information including neW program guide data for 
identifying the program streams Within the neW transport 
streams. 

Each of the neW transport streams from the transport 
stream cross-multiplexer 640 is provided to the digital modu 
lators 670a-N. As described previously, the digital modula 
tors 650a-N modulate the transport streams using a particular 
encoding and modulation format to form modulated channels 
of information. Additionally, the format provided by the 
modulator may be the same as the format used in processing 
the signals in the digital demods 620a1-aM, 620b1-bM, 
620c1-cM. HoWever, the modulator may provide the output 
signals in an alternate format, including formats such as 64 
QAM. It is important to note that the format chosen in the 
modulator should match a format that can be processed the 
doWnstream customer equipment such as settop boxes or 
other network equipment. 

Each of the modulated channels from the digital modula 
tors 670a-N is provided to the digital channel re-combiner 
680. The digital channel re-combiner 680 may process up to 
N channels in its assembler block as described above. The 
assembler in the digital channel re-combiner 680 may also 
includes sWitching and selection circuits to manage Which of 
the M inputs originally provided from each of the digital 
channel selectors 53011-0 are processed in the digital channel 
re-combiner 680. The management and sWitching function is 
controlled by the controller 650. 
The digital channel re-combiner 680 may also contain 

signal processing such as digital signal level adjustment 
applied to each of the selected channels. Level adjustment 
may alloW all selected channels to be delivered at approxi 
mately the same signal level improving the performance of 
the home equipment. 

Block diagram 600 forms a multi-input, single output 
channel selection, translation, stream processing, and distri 
bution device. The device produces an output of up to N 
channels in a single signal for delivery over a single coaxial 
cable, from an input containing up to three times N possible 
input channels presented in three separate signals. The 
selected channels are then digitally demodulated to the bit 
packet level and disassembled into program streams. The 
various program streams and their associated identi?ers may 
then be re-combined into neW physical channels, With neW 
identi?ers if needed, and digitally re-modulated into a single 
signal. The re-synthesiZer Would create a neW cross-signal 
re-multiplexed RF output. The re-synthesiZer alloWs collect 
ing sets of programs to be simultaneously vieWed on the same 
set of channels that is different and more e?iciently presented 
to the user than providing the original set of signals. Note, that 
the use of three inputs is illustrative, and a greater or feWer 
number of inputs containing a greater or feWer number of 
possible input channels may be used. 

It is also possible that the functions described in the stream 
insert and extract block 540 and the transport stream cross 
multiplexer 640 may be combined and used in the same 
re-synthesiZer. For instance, in a multi-dWelling unit instal 
lation, the combined transport cross-multiplexer and stream 
insert and extract block may be used to provide a signal 
containing program streams arranged into neW channels as 
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requested by the various occupants of the dwelling units as 
Well as provide local community events in a program stream 
provided to all occupants. 

Turning noW to FIG. 7, a How chart 700 utilizing the 
present invention is shoWn. At step 702, one or more incom 
ing satellite signals are received by a device, such as the 
re-synthesiZer described in block diagram 600. Next at 704, 
the one or more incoming satellite signals are converted to 
digital signals. The conversion is preferably performed by 
A/D converters 604a-c, and may further include processing 
for separating the individual physical channels after the con 
version such as described in digital channel selectors 610a-c. 
Next, at step 706, the desired physical channels are selected to 
form a group of selected frequency channels. The selected 
frequency channels may be outputs from digital channel 
selectors 610a-c. The selected frequency channels may be 
selected in digital channel selectors 610a-c based on requests 
by the customer’s home equipment. The selection process 
may be managed by controller 650. The controller 650 may be 
responsible for receiving and managing multiple requests and 
providing the proper information to the digital channel selec 
tors 610a-c. 

Next, at step 708, the selected digital channels are demodu 
lated. The demodulation may occur in digital demods 620111 
aM, 620b1-bM, and 620c1-cM. At step 710, the demodulated 
channels, noW represented as transport streams, are demulti 
plexed into individual program streams. The demultiplexing 
may take place in the transport demuxes 630a1-aM, 630b1 
bM, and 630c1-cM. Next at step 712, the individual program 
streams are processed to form neW transport streams. Step 
712 may involve removing existing program streams and 
inserting neW programs for use in the in the neW transport 
streams such as described in the stream insert and extract 
block 540. Step 712 may also provide the ability to re-arrange 
and recombine the program streams to form neW transport 
streams such as described in transport stream cross-multi 
plexer 640. 

Next, at step 714, the neW transport streams are modulated 
into neW channels. The modulation may be accomplished in 
digital modulators 670a-N. The modulation format used in 
modulators 670a-N may be the same as the format the origi 
nal L-band signals Were provided in. HoWever, the format 
may also be different and may instead match a format that can 
be processed by doWnstream equipment such as settop boxes. 

Next, at step 716, the group of neW channels is re-com 
bined in a frequency diverse manner to form a signal occu 
pying a range of frequencies and containing the channels at 
separate frequencies. The recombination may include a 
means for processing the group of selected digital channels 
such as described in digital channel re-combiner 680. At step 
718, the recombined frequency diverse digital signal is con 
verted back into an analog signal containing the selected 
channels at separate frequencies. The conversion may be 
performed in D/A converter 692. Finally, at step 720, the 
analog signal, representing the selected program streams 
from the selected channels is provided as an output supplied 
for transmission to other devices such as settop boxes and/or 
home netWork equipment. 

While the invention may be susceptible to various modi? 
cations and alternative forms, speci?c embodiments have 
been shoWn by Way of example in the draWings and have been 
described in detail herein. The foregoing merely illustrates 
the principles of the invention and it Will thus be appreciated 
that those skilled in the art Will be able to devise numerous 
alternative arrangements Which, although not explicitly 
described herein, embody the principles of the invention and 
are Within its spirit and scope. For example, although illus 
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16 
trated in the context of separate functional elements, these 
functional elements may be embodied on one or more inte 

grated circuits (lCs). Similarly, although shoWn as separate 
elements, any or all of the elements of may be implemented in 
hardWare, softWare, or a combination of both. It is therefore to 
be understood that numerous modi?cations may be made to 
the illustrative embodiments and that other arrangements may 
be devised Without departing from the scope of the present 
invention as de?ned by the appended claims. 
What is claimed is: 
1. An apparatus comprising: 
a receiver for receiving a plurality of digitally multiplexed 

signals, each digitally multiplexed signal associated 
With a different physical transmission channel, and for 
simultaneously recovering from at least tWo of the digi 
tal multiplexes a plurality of bit streams, said receiver 
including a sampler for sampling the signal to provide a 
plurality of decimated sample streams and a distributor 
operatively connected to said sampler for processing 
said plurality of decimated sample streams to provide 
output signals representative of said one or more differ 
ent physical channels; and 

a transmitter for inserting the plurality of bit streams into 
different digital multiplexes and for modulating the dif 
ferent digital multiplexes for transmission on different 
transmission channels, 

Wherein said receiver includes a transform element includ 
ing a ?rst plurality of ?lters and said transmitter includes 
an inverse transform element including a second plural 
ity of ?lters. 

2. The apparatus of claim 1, Wherein said sampler further 
comprises: 

a demultiplexer for demultiplexing the signal into said 
plurality of decimated sample streams. 

3. The apparatus of claim 1, Wherein said receiver further 
comprises a selector operatively connected to said distributor 
for selecting a subset of output signals representative of said 
one or more different physical channels. 

4. The apparatus of claim 1, Wherein said receiver further 
comprises a demodulator operatively coupled to said selector 
for processing said subset of output signals and generating 
said plurality of bit streams. 

5. The apparatus of claim 1, Wherein said transmitter fur 
ther comprises: 

a bit stream processor for processing said plurality of bit 
streams into said neW digital multiplexes; and 

a modulator connected to said bit stream processor for 
modulating said neW digital multiplexes into a set of 
selected physical channels. 

6. The apparatus of claim 5, Wherein said bit stream pro 
cessor includes a processor for inserting neW bit streams into 
said neW digital multiplexes not present in said plurality of 
digital multiplexes. 

7. The apparatus of claim 5, Wherein said bit stream pro 
cessor includes a processor for re-arranging said bit streams 
betWeen said plurality of digital multiplexes and said neW 
digital multiplexes. 

8. The apparatus of claim 1, Wherein said modulator is a 
modulator capable of modulating signals for reception by a 
satellite signal receiver. 

9. The apparatus of claim 1, Wherein said transmitter fur 
ther comprises: 

an assembler operative on said selected physical channels 
to provide a set of parallel data streams representing the 
combination of said selected physical channels; and 

a converter for converting said parallel data streams into 
said different physical transmission channels. 
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10. The apparatus of claim 9, wherein said converter fur 
ther comprises: 

a multiplexer connected to said second plurality of ?lters 
for multiplexing said plurality of parallel data streams 
into a single sample stream containing said different 
physical transmission channels. 

11. The apparatus of claim 1, Wherein said different trans 
mission channels are included in one signal. 

12. The apparatus of claim 1, Wherein said plurality of bit 
streams include a plurality of program streams containing 
audio, video, or data information. 

13. A method for re-synthesiZing signals comprising: 
receiving a ?rst signal having a plurality of different pro 
gram streams in different frequency channels; 

selecting a set of program streams from said plurality of 
different frequency channels, Wherein the step of select 
ing said set of program streams also includes decimating 
said ?rst signal into a plurality of decimated sample 
streams and performing a transform on said plurality of 
decimated sample streams to provide said set of program 
streams; 

combining said set of program streams to form a second 
signal, Wherein said step of combining said set of pro 
gram streams includes performing an inverse transform 
on said set of program streams to provide a plurality of 
parallel decimated data streams and processing said plu 
rality of parallel decimated data streams to provide said 
second signal; and 

transmitting said second signal. 
14. The method claim 13, Wherein the step of decimating 

includes: 
demultiplexing the signal into the number of decimated 

sample streams; and 
processing the number of decimated sample streams With a 

plurality of ?lters for matching the discrete cosine trans 
form. 

15. The method of claim 13, Wherein the step of selecting 
includes re-ordering said set of program streams. 

16. An integrated circuit for use in a receiving system, 
Which receives signals representing a plurality of channels, 
the integrated circuit comprising: 

a demultiplexing element for demultiplexing a received 
sampled signal to produce a plurality of ?rst data 
streams; 

a transform element for performing a transform on said 
plurality of ?rst data streams to produce a plurality of 

15 

20 

25 

30 

35 

40 

45 

18 
transform output signals, and for performing an inverse 
transform on at least tWo of a plurality of transform input 
signals to produce a plurality of second data streams; 

a bit stream processing element for processing said plural 
ity of transform output signals to select a set of bit 
streams and to combine said selected bit streams into 
said at least tWo of a plurality transform input signals; 
and 

a multiplexing element for multiplexing said plurality of 
second data streams and outputting a sampled signal. 

17. The integrated circuit of claim 16, Wherein said trans 
form element uses a type IV discrete cosine transform. 

18. The integrated circuit of claim 16, further comprising: 
a ?rst ?lter element operative to ?lter said plurality of ?rst 

data streams prior to providing said plurality of ?rst data 
streams to said transform element ; and 

a second ?lter element operative to ?lter said plurality of 
second data streams prior to providing said plurality of 
second data streams to said multiplexing element. 

19. The integrated circuit of claim 16, further comprising: 
a demodulator element for demodulating said plurality of 

transform output signals prior to providing said plurality 
of transform output signals to said bit stream processing 
element; and 

a modulator element for modulating said at least tWo trans 
form output signals prior to providing said least tWo 
transform output signals to said transform element. 

20. An apparatus for re-synthesiZing signals comprising: 
means for receiving a ?rst signal having a plurality of bit 

streams from different frequency channels; 
means for decimating said ?rst signal into a plurality of 

decimated sample streams; 
means for performing a transform on said plurality of deci 

mated sample streams to provide a set of signals repre 
senting said ?rst signal; 

means for selecting a set of bit streams from said set of 
signals; 

means for performing an inverse transform on said set of 
selected bit streams to provide a plurality of parallel 
decimated data streams; 

means for processing said plurality of parallel decimated 
data streams to provide a set of second data streams; 

means for combining said set of second data streams to 
form a second signal; and 

means for transmitting said second signal. 

* * * * * 


